The currently accepted association between orthostatic hypotension and systemic hypertension is based on conflicting evidence. This is the first study investigating this perceived association to use 'gold standard' methods for the diagnosis of orthostatic hypotension. In a series of 1043 patients we failed to identify any association between these two conditions.
It has been suggested since the late 1980s 1 that there is an association between postural changes in blood pressure and the subsequent development of systemic hypertension. Since then, multiple crosssectional studies have inconsistently shown an association between orthostatic hypotension (OH) and systemic hypertension (HTN). [2] [3] [4] [5] [6] In 2002 the first large prospective study to investigate the above link was published. 7 This paper reported a positive association between OH and the 6-year incidence of hypertension.
The currently accepted 'gold standard' for the diagnosis of orthostatic hypotension is head-up tilt testing for a period of 3 min 8 with continuous non-invasive beat-to-beat monitoring of blood pressure. Our aim was to investigate the link between OH and HTN using this 'gold standard' technique.
This was a cross-sectional study performed retrospectively using a database maintained by the staff of the Clinical Age Assessment Unit, Mid-Western Regional Hospital, Limerick, Ireland. This is a specialist clinic for the assessment of unexplained falls, orthostatic intolerance and syncope. Patients referred to our unit with suspected OH were subjected to simple Head-Up Tilt (HUT) testing. Every patient was pre-assessed by a senior physician and provided informed consent before further investigation. The studies analysed included all consecutive HUTs performed over a 10-year period (January 1998-January 2008).
HUT testing was carried out in a darkened room. Following a 5-min period of rest in the supine position patients underwent tilting to 701 (CNSystems automated tilt table), which was thereafter sustained for a period of 3 min. Continuous phasic haemodynamic measurements were performed using a Finometer (TNO Amsterdam). Seated measurements of systemic blood pressure were made in a quiet, darkened, climate-controlled room following 3 min rest. A semi-automatic sphygmomanometer was used (Omron 705IT). Patients' selfreported height and weight were recorded before HUT testing.
OH was defined as a drop in systolic blood pressure (SBP) of greater than or equal to 20 mm Hg or a drop in diastolic blood pressure (DBP) of greater than or equal to 10 mm Hg within 3 min of orthostatic stress. 9 Hypertension was defined as having a systolic reading of greater than or equal to 140 mm Hg or a diastolic reading of greater than or equal to 90 mm Hg.
Haemodynamic and demographic data were entered into a Filemaker Pro database at point of testing. Thereafter, the results were exported to SPSS-16.0 for statistical analysis.
A total of 1043 consecutive HUT tests were identified with pre-test semi-automatic blood pressure readings. The mean age of those included was 71.5 years (range ¼ 7-96 years). A total of 637 (61.1%) were female and 406 (38.9%) were male. In our cohort we identified 616 (59.1%) hypertensives and 610 patients (58.5%) with OH.
The mean blood pressure in the OH group was 143.8/81.8 mm Hg whereas that in the control group was 145.42/83.2 mm Hg. This difference was not significant (P ¼ 0.331/0.122). Figure 1 demonstrates the degree of correlation between pre-test-seated SBP (SSBP) and the systolic change in blood pressure on tilting. Kendall's t_b test revealed a correlation coefficient of À0.043 (P ¼ 0.039) between SSBP and the magnitude of systolic orthostatic drop on HUT. This compared to a coefficient of À0.046 (P ¼ 0.03) between SSBP and the magnitude of diastolic orthostatic drop on HUT. The corresponding correlations for seated DBP (SDBP) were À0.046 (P ¼ 0.030) and À0.054 (P ¼ 0.011), respectively.
A Forward Wald Logistic Regression model was constructed to determine the ability of OH to predict a diagnosis of hypertension. The model also included sex, age, body mass index (BMI) and symptoms during orthostasis. OH (P ¼ 0.697) was unable to predict a diagnosis of hypertension. Likewise, BMI (P ¼ 0.117) and sex (P ¼ 0.295) were not of any predictive value. Age was highly significantly (P ¼ 0.005) able to predict a diagnosis of hypertension. The presence of symptoms during orthostasis was also (P ¼ 0.014) able to predict a diagnosis of hypertension quite well with an odds ratio of 1.6 for symptomatic patients.
In a cross-sectional study employing non-invasive beat-to-beat technology as a 'gold standard' test for OH we therefore failed to find any association between OH and hypertension. Interestingly, symptomatic OH patients on tilting were 1.6 times more likely to be hypertensive than their asymptomatic colleagues. Symptomatic patients with orthostatic hypotension had a slightly higher pre-test blood pressure (145/83 vs 142/81, P ¼ 0.042/0.066). It is possible that this may have resulted in a shift of their cerebral autoregulatory curve making them more susceptible to symptoms. This, however, would require further study.
The observation that BMI is unable to predict a diagnosis of hypertension would appear contrary to the published literature. 10 However, we do not routinely measure weights before HUT testing therefore the BMIs analysed represent calculations based on self-reported weights. This has recently been shown to be an unreliable method of BMI analysis, leading to under-reporting of obesity. 11 Our record of BMI, therefore, cannot be accurately relied upon.
The above results directly contradict the findings of the Atherosclerosis Risk In Communities (ARIC) study 7 which is the largest study to date documenting an association between changes in systolic blood pressure with posture and systemic hypertension. This study reported a modest 6-year relative risk of incident hypertension of 1.44 (95% CI ¼ 0.99-2.09) for people diagnosed with OH.
The contradiction is probably explained best by differences that exist between our methodology and that employed in the ARIC study. First, the ARIC study used a sub-optimal method for the diagnosis of OH. The accepted definition for OH is based on measurements carried out for 3 min following orthostatic stress. The ARIC study only followed BP changes for 2 min, potentially missing up to 12% of OH diagnoses. 8 We employed a 3-min protocol. BP measurements following assumption of the upright posture were carried out only every 30 s in the ARIC study. Our study has been the only one to date that has employed continuous beat-to-beat measurements of blood pressure. Second, BP measurements in the ARIC study were made using a Dinamap oscillometric device. Questions have been raised previously about the accuracy of this device. 12 There are some limitations to our study. First, this is a cross-sectional study and we cannot comment on the subsequent development of hypertension in our cohort. Second, the diagnosis of hypertension is based on single measurements of blood pressure, which have been shown in the past to be sub-optimal.
The above results, in the context of already conflicting evidence, would suggest that we need to look more closely at this perceived association. We recommend therefore that prospective evaluation of this perceived association using gold standard technology for the diagnosis of both OH and hypertension is required to finally resolve the matter. 
